Introduction: The estimation of age at the time of death is often an important step in the identification of human remains. If the age can be accurately estimated, it will significantly narrow the field of possible identities that will have to be compared to the remains in order to establish a positive identification. Recent research shows that Secondary dentin deposition, root translucency, and cementum apposition in a combination may be used more reliably than the combination of six factors (attrition, periodontitis, root resorption, secondary dentin deposition, root translucency, and cementum apposition). Materials and Methods: A study sample consisted of 95 patients undergone extraction, extracted teeth were collected and utilized for ground sections, sections were grinded until the thickness of 1-mm, on this thickness root translucency was noted, teeth were further undergone grinding up to 0.25 mm thickness afterward they were viewed under microscope for secondary dentin deposition and cementum apposition. Results: By using the combination of these three factors for age estimation we got a mean error of ±4.51. Discussion: Present study is confirmed that secondary dentin deposition, root translucency, and cementum apposition are more reliable factors or strictly age-related factors and provides many accu rate results.
INTRODUCTION
Accurate age data are needed in medicine and dentistry, this information is also important in area of forensic science, when matters of consent or criminal ability arise, or in the identification of deceased persons [1] . The choice to use teeth for age determination is well accepted due to their longevity ability of being resilient to change [2] .
Dentin is a calcified tissue of the body, and along with enamel, cementum, and pulp is one of the four major components of teeth. Usually, it is covered by enamel on the crown and cementum on the root and surrounds the entire pulp. By weight, 70% of dentin consists of the mineral hydroxylapatite, 20% is organic material and 10% is water [3] . Secondary dentin may be defined as the dentin formed continuously throughout life after the crown is fully formed [4] .
Formation of secondary dentin starts at the side of the pulp where the antagonist meets the tooth during mastication and seems to be mainly related to age [5] . According to Gustafson and Malmo [6] secondary dentin deposition can be used as one of the parameters for age estimation.
Root translucency of teeth is a physiological feature that does not appear before the age of 20. Translucency is a result of the deposition of hydroxyapatite crystals in the dentine tubuli and is emphasized when the tooth is placed on a light box or printed object [7] .
Estimation of age by secondary dentin deposition, root translucency, and cementum apposition: A unique modification of Gustafson's method Cementum is a calcified tissue that surrounds the dentine and forms the attachment site for periodontal fibers that link the tooth to the alveolar bone [8] . Because of its position cementum has not been used to the extent of enamel and dentin. However, the counting of cemental annulations may offer a more accurate method for age estimation\in human beings [9] . The cementum consists primarily of uncalcified dense bundles of collagen fibrils. These bundles later become mineralized by hydroxyapatite crystals, whose varying orientations may be responsible for the optical effect of alternating light and dark layers [7] . The biological explanation for the alternating layers was given by Liberman and Schroeder, who suggested that dark lines are the stop phases of mineralization during the continuous growth of fibroblasts, leading to change in mineral crystal orientation. This pattern is visible under the microscope as a series of alternating light and dark lines or bands, which are known as incremental lines of cementum [10] .
The purpose of this study was to estimate the age the basis of secondary dentin formation, root translucency, cementum apposition.
MATERIALS AND METHODS
The research project was carried out in the Department of Oral and Maxillofacial Pathology of Jaipur Dental College Jaipur.
The apparatus used in the study were mouth mirror, periodontal probe, electric lathe, (carborundum stone rough and smooth) alcohol and xylene, 10% neutral buffer formalin, microscope and microscopic slides. The study sample consisted of 95 teeth. Priority was given to first premolars then the second premolars then canines and lastly incisors. Premolars were selected for the study because these are known to give best correlation coefficient as compared to other teeth as per the study of Kvaal and Solheim [11] .
Inclusion Criteria
• Normal healthy teeth with Class 1 occlusion. 
Exclusion Criteria

Preparation of Ground Sections
Ground sections were prepared by the hand grinding, which was done first with lathe and then with rough carborundum stone until a section of 1-mm was obtained and at this thickness, the root translucency was noted. Grinding was further done using fine stone until the section of 0.25 mm thickness was left. Finally, cleaned and dried section was mounted on the slide and viewed under a microscope for secondary dentin, root resorption, and cementum apposition.
Method of Data Analysis
The underlying four-point allotment system was used in the study as per Gustafson and Malmo [6] . The cases were distributed according to the age groups [ Table 1 ].
Root Translucency (T)
T0: No translucency, T1: Beginning of translucency, T2: Translucency more than 1/3 rd of the apical root, T3: Translucency more than 2/3 rd of the apical root.
Secondary Dentin (S)
S0: No secondary dentine formation, S1: Secondary dentine up to upper part of pulp cavity, S2: Secondary dentin up to 2/3 rd of the pulp cavity, S3: Diffuse calcification of entire pulp cavity.
Cementum Apposition (C)
C0: Normal cementum, C1: Thickness of cementum more normal, C2: Abnormal thickness of cementum near the apex of the root, C3: Generalized abnormal thickness of cementum throughout the apex of the root.
Microscopy
Longitudinal ground section of each tooth was prepared and examined under light microscope. Micrographs were taken with a ×10 objective with the help of Olympus Camedia C 5060 digital camera [ Figures 1-4 ]. The sections were examined and scores were allotted according to the above mentioned fourpoint allotment system. 
Statistical Analysis
The scores obtained were tabulated. Linear regression analysis was applied by plotting actual age on one side and the calculated score on the other side then the regression formula obtained [ Figures 5 and 6 ] by a software available on internet [12] and formula Y = 15.11+ 6.82(X) were obtained (X = total score and Y = estimated age).
RESULTS
In the present study, cases were divided into six different age groups from 21 to 75 years of age maximum number of cases were belonged to the age group of 31-40 years with 24 cases while minimum number of cases were belong to the age group 71-75 with three cases. The actual and estimated age of the persons based on all the three factors, secondary dentin, root translucency, and cementum apposition is given in Table 2 . By estimating the age from three factors, the mean error of ±4.51 was found this finding was statistically analyzed and found to be significant [ Table 3 ].
DISCUSSION
Gustafson and Malmo in 1950 [6] were first to note the morphological changes in the structure of teeth that can help in age estimation of an individual. These were attrition, periodontosis, secondary dentin deposition, cementum apposition, root translucency, and root resorption. They found a mean error of estimation of ±4.7 years in 58% cases and ±10 years in 79% of subjects.
Johanson [13] in 1971 also used same six criteria as used by Gustafson, but instead of 0-3 he used seven bands to each factor and found that error was less as compared to previous studies.
Pillai and Bhaskar [14] in 1974 studied 83 anterior teeth collected from 59 cases (36 males and 23 females) and recorded physiological (Contd) changes in tooth with age and comparison of these changes in males to that in females. They also found that the six factors used by Gustafson were age-related variable, but there was no significant relation with the sex of the person on the other hand.
Maples and Rice [15] in 1979 used multiple regression techniques. Formula derived was Y = 4.26X + 13.45 (X = total score and Y = estimated age), and estimated the age with the value of error as ±7.03 years.
Solheim and Sundness [16] in 1980 compared methods of Gustafson's, Bang and Ramm, Miles, Johanson and Dalitz in addition to the visual examination of un-sectioned teeth. They calculated the mean error as well as the standard error for estimating age by noting the factors in the teeth changing with age. Whittaker [17] in 1992 reviewed various method of age estimation and found that beyond young adulthood the age estimation becomes difficult. They found that Gustafson's method was quite satisfactory in estimation. It was suggested that a most sensitive indicator of age estimation is the degree of development of translucent dentine at the apex. Singh and Mukerjee [18] found that error in estimation using this study was found ±4.9 years as compared to ±3.63 years from Gustafson's method.
Solheim [19] in 1989 studied the apical translucent zone in 1000 human teeth and resulted in formulas showing a high correlation with age (from 0.68 to 0.86). Drusini et al. [20] in 1991 studied root dentine computerized densitometric analysis and vernier caliper. Age estimations based on computerized densitometric analysis were no more accurate than were those determined by caliper measurement; both give a predictive success of ±5 years in about 45-48% of cases for premolars.
Richards and Miller [21] in 1991 studied the teeth wear scores only and found that it is possible to estimate age from the extent of tooth wear with confidence limits of the order of ±10 years. Lamendin [22] et al. in 1992 proposed a technique to study single rooted tooth. It is based on measurement of two dental features instead of six, they were able to calculate the age at death with an error between the actual age and calculated age, of ±10 years on their working sample and ±8 years on a forensic control sample.
Tomaru et al. [23] in 1993 estimated the age using attritions of lower incisors. A positive correlation-ship was found to exist between the tooth attrition index and the actual age, allowing establishing the following formula which graphically shows a straight line: Y = 8.50X + 26.073 (r = 0.607), where X is the mean attrition indexes of lower incisors and Y is the estimated age. Kvaal and Solheim [11] in 1994 studied age-related changes in 452 extracted, un-sectioned incisor, canines, and premolars. The correlation coefficient ranged between r = 0.48 and r = 0.90 between chronological age and calculated age, using formulae from this multiple regression study. The strongest correlation coefficient was found for the premolars.
Lampe and Roetzscher [24] in 1994 used Gustafson's method and found almost similar result as that found by Gustafson. Li and Ji [25] in 1995 studied permanent molars and changes occurring with the age i.e. attrition. They found maximum error was 4.53 years. Kim et al. [26] in 2000 tested the accuracy of a new scoring system in recording tooth wear for age estimation. Their system provided estimation of an individual's age within ±3 years in 42.4% of males and 49.4% of females, within ±5 years in 61.8% of males and 63.3% of females.
Reppien et al. [27] in 2006 evaluated the reliability of methods used for forensic dental age estimation. They found that there was good agreement between estimated age interval and factual age at death in 37/51 (72%) of the cases. In eight cases, the factual age at death deviated up to ±5 years from the estimated age and in six cases by more than 6 years. The average difference between factual age at death and estimated age was 4.5 years. They concluded that forensic odontological age estimates are reliable.
Bajpai et al. [28] in 2012 estimated the age by using factors suggested by Gustafson and found the mean error of ±4.52 and also applied the formula given by Maples and Rice on the same scores and found the mean error of ±6.43 and stated that their own formula gave better results on Indian population.
Chandler [29] in 2013 in his study found a mean error of ±11.6 to ±13.7 years in Western Cape and John et al. [30] in 2014 found the mean error of ±4.
In present study with the mean error of ±4.51 it is confirmed that secondary dentin deposition, root translucency and cementum apposition are more reliable factors or strictly age related factors in comparison with the other three factors suggested by Gustafson (root resorption, attrition, and periodontal bone loss) and they can be separately used in order to obtain more accurate results. Attrition alone has also been used in some studies but did not provide very accurate results [31] .
CONCLUSION
Secondary dentin deposition, root translucency, and cementum apposition are the three factors which do not require any clinical and radiographic examination as in for attrition root resorption and periodontal bone loss, because of this superiority they can be utilized in mass disaster for human identification.
